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PREFACE 


The  United  States  Navy  requested  the  National  Acrdemy  of  Sciences  to: 

I)  assess  the  adequacy  of  existing  data  as  a basts  for  determining  bio- 
logical and  ecological  effects  of  an  ELF  corrmunlcations  system;  2)  Iden- 
tify the  effects,  If  any,  that  may  be  of  major  concern;  3)  identify 
critical  Inadequacies  in  the  available  data;  and  k)  suggest  research  pro- 
jects designed  to  produce  needed  data.  The  Committee  on  Biosphere  Effects 
of  Extreme! y-Low-Frequency  Radiation  was  appointed  by  the  Academy  and 
charged  with  this  task.  The  research  project  reported  here  was  being 
conducted  at  the  same  time  the  Committee  was  condur'  d Its  review.  The 
Committee  has  published  Its  report;  readers  of  both  that  Committee  report 
and  this  research  report  will  need  to  know  what  data  published  In  this 
research  report  was  available  to  the  Committee  before  completing  their 
report. 

In  June  1976  the  authors  presented  to  the  Comm'ttoe  an  Interim  report 
containing  data  for  2k  weeks  of  exposure,  but  did  not  have  separate  plots 
for  male  and  female  animals.  In  January  1977  the  Committee  met  In  Pensa- 
cola, Florida,  and  conducted  a site  Investigation  of  the  project.  The 
facilities  were  examined  and  Interviews  were  conducted  with  the  profes- 
sional staff.  The  authors  presented  a data  supplement  to  the  Committee 
containing  plotted  data  for  53  weeks  of  exposure,  but  again,  this  data  did 
not  have  separate  plots  by  sex.  The  Interim  report  and  data  supplement  did 
not  Include  statistical  analysis.  A two-factor  analysis  of  variance  using 
repeated  measurements  on  one  of  the  factors  was  adapted  to  the  electronic 
data  handling  system  and  applied  to  all  parameters  in  the  accumulated  data 
bank  that  were  either  normally  distributed  or  could  be  transformed  to  a 
normal  distribution.  Results  of  this  analysis  were  compiled  In  the  form  of 
a Statistical  Supplement  and  sent  to  the  Committee  In  April  1977.  The 
Mann-Whltney  U-Test  was  subsequently  adapted  and  applied  to  the  parameters 
that  were  not  suitable  for  the  analysis  of  variance.  Results  of  the  Mann- 
Whltney  U-Test  were  not  transmitted  to  the  Committee  because  they  revealed 
no  significant  effects  and  the  Committee  was  drafting  Its  final  report.  The 
electronic  data  handling  system  was  then  modified  to  separate  male  and 
female  data  for  plotting  and  statistical  analysis.  This  analysis  provided 
the  first  Indication  that  a sex-specific  effect  may  have  occurred.  By  this 
time,  the  Committee  had  finished  its  report;  therefore,  this  preliminary 
Information  was  not  transmitted  to  the  Committee.  Analysis  by  sex  was  then 
completed  for  ail  parameters  and  reduced  to  a format  suitable  for  publica- 
tion In  the  present  report.  Except  for  a brief  summary  delivered  at  Alrlee 
House,  Virginia,  on  3 November  to  the  1977  International  Symposium  on  the 
Biological  Effects  of  Electromagnetic  Waves,  sponsored  by  the  international 
Union  of  Radio  Science,  this  Is  the  first  publication  of  these  data. 
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THE  PROBLEM 

The  U.S.  Navy  has  proposed  a submarine  communications  system  that 
operates  at  extremely  low  frequencies.  In  order  to  more  thoroughly  evalu- 
ate the  biological  and  ecological  effects  which  could  not  be  adequately 
predicted  on  the.  basis  of  available  data  In  the  literature,  the  Navy 
initiated  an  in-depth  laboratory  analysts.  Experimental  animals  were 
exposed  for  long  periods  to  electric  and  magnetic  fields  similar  to  or 
greater  than  those  that  would  L:'  experienced  by  man  living  near  the  anten- 
na. Thirty  experimental  rhesus  monkeys  were  matched  with  thirty  controls 
and  exposed  for  one  year. 

FINDINGS 

Although  not  considered  abnormal,  the  most  significant  finding  was 
the  difference  in  rate  of  weight  gain  between  exposed  and  control  males. 
The  exposed  males  gained  weight  at  a slightly  faster  rate  than  the  control 
males  and  at  the  end  of  one  year  were  approximately  1U  heavier  than  the 
controls.  The  difference  in  weight  was  not  accompanied  by  an  Increase  in 
bone  length  measurements.  The  linear  body  measurement  showing  the  most 
agreement  with  the  growth  rate  difference  was  chest  circumference.  In  the 
exposed  females  serum  triglycerides  and  respiratory  quotient  were  slightly 
lower  than  in  the  female  controls.  There  Is  no  Indication  that  these 
findings  have,  any  adverse  clinical  significance  and  both  groups  of  animals 
appear  quite  healthy. 

RECOMMENDATIONS 

Those  animals  should  continue  to  be  exposed  and  the  data  collection 
protocol  should  concentrate  on  Identifying  the  mechanisms  for  these  effect 
so  that  the  long  term  effects  can  be  predicted. on  the  basis  of  physiologi- 
cal theory.  The  sexual  specificity  of  those  results  suggests  that  endo- 
crine Involvement  should  be  studied  extensively. 
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INTRODUCTION 


Considerable  research  has  been  done  at  this  and  other  laboratories  to 
determine  the  physiological  and  psychophys iologtcal  effects  of  electric  and 
magnetic  fields  similar  to  those  that  would  be  present  near  the  antenna  of 
the  U.S.  Navy's  proposed  ELF  communications  system.  Exposure  times  have 
ranged  from  a few  hours  to  seven  weeks.  Host  parameters  measured  did  not 
appea>‘  to  be  affected  by  the  ELF  fields;  bjwever,  some  parameters  did  show  a 
statistical  correlation  with  exposure,  but  for  various  reasons  a firm  cause 
and  effect  relationship  could  not  be  established.  In  many  cases,  the  number 
of  exposed  subjects  was  small  and/or  the  exposure  times  were  short.  Although 
not  conclusive,  these  findings  identified  areas  for  further,  more  Intensive 
i nvest I gat  Ion. 

One  series  of  experiments  at  this  laboratory  suggested  that  lipid 
metabolism  might  be  affected  by  ELF  magnetic  fields.  Ten  human  volunteer 
male  subjects  were  exposed  for  periods  of  one  day  to  a magnetic  field  of 
0.1  mT  (one  gauss)  at  45  Hz  (l).  Test  results  were  compared  for  periods 
before,  during  and  after  exposure.  At  different  times,  five  control  subjects 
participated  in  the  same  experimental  protocol  except  that  the  field  gen- 
erating colls  were  not  energized.  No  effects  of  the  field  were  observed  on 
ECG,  vital  signs,  respiratory  gas  analysis,  reaction  time,  pup! 1 lography , 
scotopic  critical  flilcker  frequency,  short-term  memory,  and  hand-eye  coordi- 
nation. Blood  chemistry  values  were  not  changed  with  the  exception  of  serum 
triglycerides,  which  in  nine  experimental  subjects  reached  a maximum  24  to 
43  hours  after  exposure.  A similar  trend  was  not  seen  in  the  control  subjects. 

Another  experimental  series  conducted  at  our  laboratory  was  designed 
to  detect  changes  in  operant  behavior  of  rhesus  monkeys  and  squirrel  monkeys 
exposed  to  ELF  fields  (3“8) . These  experiments  covered  a variety  of  behav- 
ioral tasks  and  exposure  conditions  but  showed  no  behavioral  effects  that 
could  be  correlated  with  the  fields. 

In  December  1973,,  the  Bureau  of  Medicine  and  Surgery,  Department  of  the 
Navy,  convened  an  "Ad  Hoc  Committee  For  the  Review  of  Biomedical  and  Ecolog- 
ical Effects  of  ELF  Radiation."  Subsequently,  the  Biomedical  Division, 

NAMRL,  developed  a proposal  which  complied  with  and  greatly  exceeded  the 
intent  of  the  priority  la  and  lb  recommendations  of  this  committee.  The 
proposal  for  chronic  exposure  of  primates  to  ELF  fields  was  submitted  to  the 
Bureau  of  Medicine  and  Surgery  on  2 April  1974.  The  project  was  approved 
and  work  began  22.  July  1971*- 

It  was  anticipated  that  approximately  2.5  years  would  be  required  to 
complete  the  project.  Approximately  one  year  would  be  required  to  construct 
and/or  modify  a building,  design  and  fabricate  apparatus,  select  experi- 
mental animals,  assemble  appropriate  staff,  and  procure  supplies  and  equip- 
ment. Exposure  and  data  collection  would  occur  during  the  second  year.  In 
the  first  half  of  the  third  year  histopathologlcal  and  hi stocheml cal  exami- 
nations would  follow  and  a project  report  prepared.  This  original  estimate 
has  been  reasonably  accurate.  The  building  was  completed  29  September  1975. 
During  the  month  of  October  the  fabricated  apparatus,  equipment,  and  supplies 
were  moved  into  the  building  and  assembled.  The  field  was  activated  and 
exposure  began  on  27  October  1975. 


1 


■ AwriitMfcw)  Ail  I Hm-r  iLV-i  . 


«<r 


PROCEDURE 


SUMMARY  OF  RESEARCH  DESIGN  AND  METHODS 

Essential  design  considerations  for  this  chronic  exposure  were  selec- 
tion of  animal  species,  number  of  animals,  length  of  exposure,  exposure 
parameters,  and  type  of  data  collected. 

The  rhesus  monkey  (Macaca  mulatta)  was  selected  as  the  experimental 
animal  because  it  is  a highly  developed  species  that  has  been  used  in 
medical  research  for  many  years;  therefore,  a large  amount  of  physiological 
data  has  been  accumulated  on  this  species  by  the  research  community.  Adult 
rhesus  were  not  included  because  of  limited  availability  and  logistical 
difficulties  associated  with  care  and  handling  of  larger  and  stronger 
animals.  Using  young  animals  of  different  sex  presented  some  statistical 
difficulties,  but  these  problems  were  counterbalanced  by  gaining  important 
data  on  growth  and  development. 

In  experiments  of  this  type,  in  which  subtle  effects  and  trends  within 
the  normal  range  are  vltal’y  Important,  it  is  not  sufficient  for  subjects 
to  serve  as  their  own  controls  by  comparing  pre-,  per-,  and  post-exposure 
data.  In  this  project  each  experimental  animal  was  pal r-matrhed  to  a 
control  by  age,  sex,  weight,  and  medical  history.  All  data  were  taken  from 
both  members  of  the  pair  at  the  same  time  and  under  the  sanvj  conditions. 

The  number  of. animals  in  each  group  was  set  at  30  because  a sample  of 
this  size  usually  provides  an  adequate  basis  for  statistical  analysis. 

Since  each *of  the  30  experimental  animals  had  a matched  control,  the  groups 
were  also  matched.  This  arrangement  allowed  both  group- to-group  and  anlmal- 
to-animal  comparison.  An  exposure  time  of  one  year  was  selected  to  allow 
time  for  subtle  physiological  effects  to  be  detected  and  to  provide  a 
detailed  time  course  for  each  animal. 

The  animals  In  this  experiment  were  Individually  housed  In  a sealed 
chamber  to  allow  for  measurements  of  oxygen  consumption  and  carbon  dioxide 
production  and  to  reduce  the  possibility  of  spreading  a communicable  disease 
among  the  entire  group.  Blood  samples  were  drawn  at  Intervals  of  seven 
days  for  biochemical  analysis.  Every  sixth  week  the,  animals  were  Placed  In 
restraint  chairs  for  seven  days.  Blood  samples  taken  during  restra'nt  were 
analyzed  for  those  constituents  that  were  particularly  labile  and  subject 
to  the  psychophyslologlcal  stress  normally  associated  with  capture  and 
manual  restraint  prior  to  venipuncture.  At  the  end  of  each  restraint  period, 
the  animals  were  given  a comprehensive  physical  examination  by  a veterinarian 
experienced  In  the  clinical  physiology  of  rhesus  monkeys. 
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The  experimental  animals  were  exposed  to  fields  equivalent  in  waveform 
to  those  experienced  by  living  organisms,  including  man,  in  contact  with  the 
soil  surface  directly  above  the  buried  ELF  antenna.  The  magnitude  of  the 
magnetic  field,  0.2  mT  (2  gauss),  was  ten  times  greater  than  the  average 
field  along  the  ELF  antenna.  The  electric  field,  20  V/m,  was  over  300  times 
greater  than  at  the  soil  surface  above  and  along  the  antenna;  it  was  two 
times  greater  than  at  the  soil  surface  near  the  ground  terminal.  The 
electric  field  was  applied  to  the  animal  via  stainless  steel  bars  which 
formed  the  walking  surface  on  the  floor  of  the  environmental  chamber. 

The  facility  was  designed  so  that  either  the  north  or  south  wing  could 
be  used  to  expose  experimental  animals.  Both  wings  had  identical  field 
generating  equipment.  When  the  experimental  animals  were  in  position  in  the 
north  wing,  the  control  animals  were  in  corresponding  positions  in  the  south 
wing  but  only  the  north  wing  field  generating  system  was  energized.  These 
identical  systems  allowed  the  two  animal  groups  to  be  transposed  each  week, 
thus  balancing  subtle  differences  in  environmental  control  equipment,  data 
transducers,  recorders,  noise  level,  vibrations,  etc. 

The  ELF  fields  were  on  for  22  hours  daily.  The  other  two  hcurs  were 
used  for  feeding,  drawing  blood,  physical  examinations,  changing  cages,  and 
general  maintenance  activity.  The  lights  in  the  animal  wings  were  turned  on 
at  the  beginning  of  this  two-hour  period  and  remained  on  for  twelve  hours. 
The  animals  usually  consumed  their  food  within  six  hours  after  feeding. 

This  factor  in  animal  behavior  and  the  twelve-hour  dark  period  immediately 
before  drawing  blood  insured  a reasonably  good  fasting  blood  sample.  At  the 
end  of  the  two-hour  maintenance  period  the  animal  doors  were  locked  and  the 
field  restored. 

When  the  project  was  originally  proposed,  It  was  intended  that  half  of 
the  experimental  and  half  of  the  control  animals  would  be  sacrificed  at  the 
end  of  the  exposure  period  and  given  an  intensive  pathological  and  hlsto- 
chemical  examination.  The  remaining  animals  would  be  kept  for  at  least  two 
years  and  given  a complete  physical  examination  quarterly.  This  part  of  the 
protocol  was  postponed.  At  the  end  of  one  year  the  clinical  data  suggested 
that  an  immediate  pathological  examination  would  reveal  very  little  new 
information.  As  an  alternative  it  was  proposed  that  all  the  animals  remain 
in  position  with  the  same  exposure  parameters  applied  to  the  exper imenta 1 s. 
As  proposed,  the  project  has  been  continued;  this  report  is  for  the  first 
year  only. 

ANIMAL  SELECTION,  PAIRING,  AND  RANDOMIZATION 

One-hundred  and  twenty  rhesus  monkeys  were  initially  purchased  In 
September  197A  and  placed  in  quarantine  for  six  weeks.  During  quarantine 
each  animal  was  physically  examined  for  evidence  of  infectious  diseases  and 
tested  for  tuberculosis.  The  entire  group  was  released  from  quarantine 
after  three  consecutive  negative  intrapal pebral  tuberculin  tests.  Blood 
samples  were  then  obtained  from  each  animal  and  a battery  of  biochemical  and 
hematological  tests  performed.  Means  and  standard  deviations  for  each 
parameter  were  calculated  for  the  entire  group.  Animals  were  excluded  from 
further  consideration  if  any  of  their  lipid  values  or  many  of  the  other 
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parameters  were  not  within  two  standard  deviations  of  the  mean  of  the  group. 
Complete  "physical  examinations,  as  described  under  Clinical  Examination, 
were  then  pccomplished  on  the  remaining  monkeys.  A total  of  47  animals  were 
deleted  for  various  defects  or  abnormalities  within  the  following  catcg 
hematology,  19;  radiography,  8;  electrocardiography,  9;  dental,  3;  death  or 
chronic  Illness,  5;  and  miscellaneous,  3.  From  the  remaining  73 
monkeys,  32  pairs  were  selected  for  the  project  on  the  basis  of  sex,  age 
(dentition) , weight,  and  size.  Sixteen  pairs  of  females  and  fourteen  pairs 
of  males  were  identified  for  the  project;  the  other  pairs  were  designated 
as  alternates.  Population  data  at  the  time  of  selection  has  been  developed 
as  follows:  mean  age  of  females,  50.7  months;  mean  age  of  males,  43. 4 
months;  mean  weight  of  females,  4.74  kg;  and  mean  weight  of  males,  6.25  kg. 
These  data  Indicate  that  the  animals  were  in  puberty  with  the  females 
closer  than  the  males  to  maturity.  The  animals  were  Identified  by  tattoo 
numbers  on  the  chest.  The  chest  numbers  for  each  pair  were  written  on  a 
small  piece  of  paper  and  placed  in  a container.  The  30  pieces  were  then 
mixed  and  withdrawn  by  30  consecutive  draws.  The  first  draw  was  labeled 
pair  number  one,  the  second  draw  labeled  pair  number  two,  and  so  on  with 
the  last  draw  labeled  pair  number  thirty.  One  monkey  of  each  pair  was 
assigned  to  the  red  group  or  blue  group  by  the  flip  of  a coin  and  the  re- 
maining member  of  the  pair  was  assigned  to  the  opposite  group.  Rod  and  blue 
groups  were  designated  experimental  and  control  by  the  principal  in- 
vestigator without  the  knowledge  of  the  other  investigators.  Each  animal's 
position  and  group  were  thus  randomly  selected. 

ELECTRIC  FIELD  GENERATING  SYSTEM 

Experimental  and  control  animals  were  housed  in  sealed  plexiglass  cham- 
bers that  used  liquid  rather  than  gasket  seals.  The  bottom  section  of  the. 
chamber  shown  In  Figure  1 consisted  of  the  feces  tray  with  bars  that  formed 
the  walking  surface  for  the  animal.  The  bars  were  constructed  of  1.27  cm 
square  stainless  steel  bar-stock  and  they  lay  in  slots  spaced  3*81  cm  be- 
tween centerlines.  The  bars  rested  on  thin  stainless  steel  strips  3.5  cm 
long  which  brUlged  the  floor  of  the  slots.  These  strips  were  then  con- 
nected by  3900  ohm  resistors  as  shown  in  Figure  2.  The  end  resistors  were 
connected  to  a stainless  steel  strip  which  passed  down  into  the  trough  and 
terminated  on  the  outer  edge  of  the  feces  tray.  A current  source  was  con- 
nected via  these  terminations  to  the  network  of  resistors  and  an  electric 
field  gradient  of  0,76  volts  was  generated  between  adjacent  bars.  An  animal 
simultaneously  contacting  two  or  more  bars  had  a body  current  similar  in 
waveform  and  about  six  times  greater  than  that  which  he  would  experience  if 
he  were  in  contact  with  the  soil  surface  near  the  ground  terminals  of  the  ELF 
antenna.  This  body  current  was  300  times  greater  than  would  be  experienced 
along  the  antenna  at  points  away  from  the  ground  terminal.  The  current 
source  for  this  electric  field  simulator  was  driven  by  an  amplifier  with  an 
Input  from  the  same  modulator  used  for  the  magnetic  field  generator.  Wire 
screens  as  shown  in  Figure  3 were  placed  on  each  side  of  the  animal  and 
connected  to  tne  same  voltage  source  that  energized  the  resistor  network. 
These  screens  created  a uniform  horizontal  electric  field  similar  to  that 
near  the  ELF  antenna.  The  electrical  schematic  for  this  arrangement  is 
shown  in  Figure  4. 
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FIGURE  2.  Resistors  in  the  bottom  section  of  the  plexiglass  animal  holding  chamber  were 
tivity  and  produce  a voltage  gradient  along  the  animal's  walking  surface.  The  resistors 
clear  water  proof  insulation  and  the  leads  were  soldered  to  conducting  strips  which  cont. 
in  slots  between  the  resistors.  The  bars  were  in  contact  with  an  identical  system  at  bo 
tance  between  bars  was  1950  ohms. 
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FIGURE  3.  Vertical  wire  screens  were  on  two  sides  of  the  animal  chambers 

crLTT  con"*cted  t0  the  electric  field  voltage  source.  The  screens 
created  a uniform  horizontal  electric  field. 
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Figure  k.  Schematic  of  the  electric  field  generating  system. 
An  Identical  network  of  resistors  were  at  both  ends  of  the 
bars  so  that  the  net  resistance  between  bars  was  actually 
formed  by  two  3£#00  ohm  resistors  In  parallel. 


The  electric  field  distribution  In  the  animal  chambers  was  measured 
with  the  ITT  Research  Institute  high  Impedance  electric  field  probe  In 
conjunction  with  an  HP  3581  Wave  Analyzer.  At  four  elevations  In  the 
chambers  measurements  were  taken  near  the  corners  and  In  the  center  as 
shown  In  Table  1.  The  electric  field  screens  would  be  on  the  right  and 
left.  These  particular  values  were  recorded  at  position  30  In  the  south 
wing;  however,  they  are  typical  of  values  recorded  at  other  positions. 

fiAGNETIC  FIELD  GENERATING  SYSTEM 

The  magnetic  field  generating  system  was  designed  to  simulate  the 
magnetic  field  associated  with  an  ELF  communication  system.  The  current 
carrying  conductors  were  beneath  the  animal  chamber  at  approximately  the 
same  distance  that  the  burled  cable  of  the  communications  system  would  be 
from  the  soli  surface.  The  field  direction  was  horizontal  In  the  north- 
south  direction  and  approximately  one  order  of  magnitude  higher  than  In  the 
ELF  communications  system. 
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The  coil  system  consisted  of  three  parallel  wire  bundles  26  m long. 
These  bundles  were  laid  In  concrete  trenches  1.1m  deep  and  1.1m  wide 
as  shown  in  Figure  5*  Eighty-six  turns  were  in  the  center  trench,  ^8  turns 
in  the  outer  trench  (right  side  of  Figure  5)  and  . 38  turns  in  the  inner 
trench  (left  side  of  Figure  5)-  The  bundles  were  spaced  at  3 m and  con- 
nected at  each  end  such  that  the  entire  system  consisted  of  a single  con- 
tinuous copper  wire  cable  wound  in  the  form  of  two  adjacent  rectangles  with 
a long  common  side.  The  reinforcing  steel  bars  'n  the  concrete  were  broken 
at  intervals  to  prevent  Inductive  generation  of  a secondary  current  loop 
In  the  steel  bars.  The  trenches  were  covered  with  plywood,  and  a row  of 
30  animal  chambers  was  placed  approximately  1.1  m directly  above  the  cen- 
ter coll  as  shown  in  Figure  6.  The  system  generated  a fteld  of  0.2  mT 
(2  gauss)  In  the  chambers  and  simultaneously  generated  a null  ftold  In  the 
control  chambers  placed  along  a pop-lloi  line  215 . 8 m from  the  experimental 
chambers.  The  control  chambers  wei  placed  above  a coll  system  Identical 
to  that  which  exposed  the  exporlmor.  ' animals.  These  identical  coil 
systems  could  not  be  energized  at  tl  same  time;  the  modulator  and  amplifier 
were  switched  to  the  other  coll  when  cue  animals  were  transposed.  The 
group  first  designated  as  experimental s retained  that  status;  they  were 
merely  being  exposed  by  0 different  coll  system  on  tho  opposite  side  of 
the  bu! I ding. 

At  pseudorandom  Intervals  the  oscillator  shifted  between  7 ?.  Hz  and 
80  Hz.  At  the  time  of  the  ulilft  the  coll  system  was  Instantaneously  tuned 
to  the  correct  frequency.  This  automatic  tuning  was  accomplished  by  solid 
state  switching  which  changed  tho  value  of  total  capocltanco  In  rosonanco 
with  tho  coll  system. 

Tho  magnetic  field  distribution  In  the  animal  chambers  was  measured 
with  the  I IT  Research  Institute  magnetic  field  probe  In  conjunction  with  a 
Hewlett  Packard  358!  Wave  Analyzer.  At  three  elevations,  measurements  were 
taken  near  the  corners  and  In  tho  center  as  shown  In  Table  1.  Adjacent 
chambers  would  be  on  tho  right  and  left  and  tho  magnetic  field  vector  would 
be  In  the  horizontal  plane  and  perpendicular  to  tho  row  of  animals.  Those 
particular  values  In  Table  I wore  recorded  at  position  30  In  the  south 
wing;  however,  they  arc  typical  of  values  recorded  at  other  positions 
and  for  tho  other  field  generating  system.  These  values  are  approximately 
ten  tlnvs  greater  than  fields  at  comparable  positions  near  the  ELF  antenna. 


RESPIRATORY  GAS  ANALYSIS 

The  middle  section  of  the  environmental  chamber  was  open  at  the  top 
and  bottom  and  fits  Into  the  external  trough  of  the  feces  tray.  The  animal 
entered  the  chamber  from  the  top  and  was  secured  by  a sheet  of  plexiglass 
in  grooves  at  tho  top  of  the  middle  section.  The  animal's  food  and  water 
supply  was  placed  on  this  sheet  and  dispensed  to  the  animal  through  appro- 
bate channels.  A final  section  similar  to  an  Inverted  open  box  fitted 
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FIGURE  5.  Colls  that  generated  the  magnetic  Field  were  laid  In  concrete 
trenches  at  the  time  of  building  construction.  Three  expansion  joints 
were  placed  In  the  concrete  walls  and  floor  to  prevent  secondary  current 
loops  In  the  steel  reinforcing  bars. 


FIGURE  6.  Thirty  animal  chambers  were  placed  in  a line  directly  aboye  the  center  trench.  The  magnetic 
field  WaS  horizontal  and  perpendicular  to  this  Tine  and  the  electric  field  was  horizontal  and 
parallel  to  this  1 ine. 


Into  a trough  surrounding  the  top  part  of  the  middle  section.  Internal 
dimensions  of  the  volume  to  which  the  animal  was  confined  were  0.6  m x 0.6  x 
0.76  m high.  A row  of  ful 1' spectrum  lights  was  directly  over  the  row  of 
cages.  Direct  light  reached  the  animal  after  passing  through  two  layers 
of  plexiglass  that  were  designed  to  pass  the  full  spectrum. 

The  chamber  was  made  airtight  by  filling  the  troughs  with  a suitable 
liquid.  Water  was  In  the  upper  trough  and  mineral  oil  was  In  the  lower 
trough.  A nonconducting  fluid  was  required  In  the  lower  trough  because  of 
the  stainless  steel  strips  that  passed  through  this  liquid  to  provide  an 
electrical  connection  between  an  outside  current  source  and  the  Inside 
bars. 


The  external  environmental  control  equipment  as  shown  In  Figure  7 was 
connected  to  openings  In  the  top  and  middle  sections  of  the  animal  chamber 
such  that  the  flow  of  air  was  down  through  the  center  section,  past  the 
bars,  Into  the  feces  tray,  and  out.  The  ventilation  system  operated  either 
as  an  open  system  or  as  a closed  recirculating  system.  In  the  open  system 
mode,  room  air  entered  the  chamber  through  a filter  and  air  leaving  the 
chamber  was  exhausted  to  the  atmosphere.  The  closed  system  mode  was  used 
to  measi-na  oxygen  consumption  and  carbon  dioxide  production.  In  this  ar- 
rangement olr  leaving  the  feces  tray  passed  through  2 meters  of  plastic 
pipe  to  another,  but  much  smaller,  sealed  chamber.  The  air  was  driven  by  a 
fan  In  this  chamber  which  forced  the  air  through  carbon  dioxide 
absorbent,  a heat  exchanger,  and  back  to  the  top  of  the  animal  chamber. 

The  heat  exchanger  had  a constant  flow  of  25°C  water  and  removed  body  heat 
and  heat  generated  by  the  reactions  associated  with  carbon  dioxide  ab- 
sorption. Pressure  was  maintained  In  the  system  by  allowing  pure  oxygen 
to  enter  at  the  same  rate  that  oxygen  was  removed  from  the  chamber  by 
the  animal's  roetabol Ic  processes. 

Oxygen  entering  the  system  passed  first  through  four  stages  of  regula- 
tion and  a wet  test  gas  meter.  The  combined  function  of  the  regulators  was 
to  keep  the  static  pressure  on  the  chamber  between  2 cm  and  cm  of  water 
which  would  not  break  the  liquid  seals  on  the  chamber.  The  wet  test  meter 
measured  oxygen  consumption  rate  by  triggering  an  event  recorder  at  500  ml 
Intervals.  The  total  oxygen  consumed  was  also  Indicated  by  the  totalizing 
dials  on  the  gas  meter.  The  carbon  dioxide  expiration  rate  was  measured  for 
a 22-hour  period  by  chemical  analysis  of  the  absorber  to  determine  the 
total  amount  of  carbon  dioxide  absorbed. 

The  system  was  operated  In  the  closed  circuit  mode  for  a 22-hour  per- 
iod at  seven-day  Intervals.  It  was  always  the  first  22  hours  after  the  an- 
imal had  been  placed  In  a clean  chamber,  thus  preventing  the  animal  from 
rebreathlng  gases  evolved  from  accumulated  feces  and  urine.  The  re- 
maining six  days  were  In  the  open  circuit  mode  with  ventilation  to  the 
atmosphere. 

-Approximately  1200  g of  carbon  dioxide  absorber  (Sodasorb,  W,R.  Grace 
£■  Co.,  Lexington,  HA  02173),  was  weighed,  transferred  to  a permeable  bag, 
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and  positioned  In  the  closed  system.  After  approximately  22  hours,  the  bag 
of  absorber  was  removed  and  rewelghed  to  obtain  a total  weight  of  the  ab- 
sorber after  exposure  to  the  respiratory  gases.  A uniform  sample  was  Im- 
mediately removed  and  stored  In  an  alr-tlght  bottle. 

Approximately  15  g of  the  exposed  absorber  was  weighed  and  transferred 
to  a 500-ml  flask.  Fifty  milliliters  of  50%  reagent  grade  HCI  were  added  to 
the  flask  which  was  Immediately  connected  to  a one  liter  spirometer  (Warren 
E.  Collins,  Inc,,  Braintree,  MA) . The  spl rometer  was  calibrated  to  mea- 
sure the  carbon  dioxide  expelled  from  the  absorber.  The  flask  was  maintained 
at  25°C  In  a constant  temperature  water  bath  until  all  of  the  carbon  di- 
oxide had  been  expelled  from  the  sample.  An  unexposed  sample  of  absorber 
taken  before  filling  the  porous  bag  was  also  measured  for  a blank  value. 

CLINICAL  EXAMINATION  AND  ROUTINE  MONITORING 

Members  of  a matched  pair  were  given  physical  examinations  at  the  same 
time.  The  examining  veterinarian  and  his  staff  did  not  know  which  animal 
was  experimental  or  control.  Electrocardiograms,  electroencephalograms,  and 
systolic  blood  pressure  (Doppler  method)  were  completed  one  week  before  the 
veterinarian's  examination.  The  veterinarian's  examination  Included  the 
following:  observation  of-  ocular  motility,  direct  and  Indirect  pupillary 
reflexes,  facial  muscle  tone,  loconotor  and  proprioceptor  activity,  dis- 
position and  demeanor;  visual  and  manual  examination  of-  head,  face,  scalp, 
neck,  mouth,  teeth,  throat,  extremities,  skin,  halrcoat,  superficial  spine, 
and  perineal  region;  direct  ophthalmoscopy ; otoscoplc  visualization  of 
external  auditory  canal  end  nares;  palpation  of-  abdomen,  superficial  lymph 
nodes,  femoral  pulse,  and  injuirial  canals;  auscultation  of  heart  and  lungs; 
elicitation  and  evaluation  of-  the  palmer,  plantar,  patellar  tendon,  super- 
ficial abdominal,  and  auditory-palpebral  reflexes.  Rectal  swabs  were  taken 
for  bacterlologlc  examination.  These  comprehensive  examinations  were  given 
at  six-week  Intervals. 

In  addition  to  the  physical  examinations,  the  veterinarian  and  his 
professional  staff  performed  the  following  tasks  dally:  observed  blood 
collection  procedures;  visually  examined  every  monkey  and  chamber;  made 
notations  on  estrous  cycle  phases;  reviewed  food  and  water  consumption 
records;  checked  weight  charts  of  anlmnls  weighed  on  that  day;  Inspected 
sanitary  conditions  of  the  animal  areas,  the  examination  room,  and  the 
chamber  washing  areas;  and  collected  bacteriological  samples  on  a reg- 
ular schedule  from  all  animal  associated  areas. 

BLOOD  CHEMISTRY  PARAMETERS  AND  METHODS 

Blood  samples  were  drawn  early  In  the  morning  with  the  animals  In  a 
fasting  condition.  Five  milliliters  were  drawn  from  the  femoral  vein  using 
10-ml  disposable  syringes  with  20  gauge/38-ml 1 1 Imeter  disposable  needles. 

One  milliliter  to  be  used  for  hematology  parameters  was  Injected  Into  5-ml 
tubes  (Venoject,  Klmble-Teruno,  Inc.)  containing  7-5  mg  of  an  anti -coagulant 
(EDTA).  The  remaining  blood  was  transferred  to  disposable  glass  test  tubes 
for  coagulation.  These  tubes  were  then  centrifuged  and  the  serum  transferred 
to  plastic  test  tubes  which  were  capped  and  refrigerated  until  analysis. 
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Excess  serum  not  required  for  analysis  was  preserved  at  -85°C  to  be  used  for 
other  tests  that  may  be  desired  at  a later  time. 

Before  the  samples  were  delivered  to  the  laboratory,  the  animal's 
Identification  number  wab  removed  from  the  container  and  replaced  by  a 
control  number.  A permanent  bound  record  which  matched  the  animal  numbers 
to  the  control  numbers  was  kept  In  a secure  safe  and  was  not  available  to 
the  medical  technologists  who  were  analyzing  blood  samples.  This  procedure 
prevented  the  medical  technologists  from  knowing  which  data  belonged  to  an 
experimental  or  a control.  The  contents  of  this  permanent  record  were 
entered  Into  an  electronic  file  system.  In  the  analytical  laboratory,  the 
results  of  all  tests  were  recorded  In  permanent  bound  logs  which  were 
retained  In  the  analytical  laboratory.  These  logs  were  copied  and  entered 
Into  the  electronic  file  system  where  the  results  of  each  test  were  matched 
to  the  animal  Identification  numbers  and  electronically  filed  according  to 
animal  position,  group  designation,  and  date.  These  data  were  then  availa- 
ble for  plotting  and  statistical  analysts. 

Unless  otherwise  Indicated,  the  serum  parameters  were  analyzed  using 
the  Gilford  Model  3500  automated  chemistry  analyzer  (Gilford  Instrument 
Laboratories,  Inc.,  Oberlln,  Ohio).  Prepared  reagents  for  all  but  two  of 
these  were  obtained  from  Worthington  Diagnostics,  Freehold,  New  Jersey; 
blood  urea  nitrogen  and  cholesterol  reagents  were  purchased  from  Abbott 
Laboratories,  Pasadena,  California.  Two  commercially  prepared  sera  were 
measured  along  with  the  serum  samples. 

Total  Serum  Protein 


The  biuret  reaction  was  employed  In  which  cupric  Ions  react  with 
proteins  In  alkaline  solution  to  form  a blue-violet  colored  complex.  A 
total  protein  standard  of  known  protein  concentration  was  used  as  a standard 
In  the  Gl 1 ford  3500. 

Serum  Albumin 


Albumin  was  reacted  with  anionic  bromcresol  green  dye  which  caused  an 
Increase  In  the  green  color.  This  color  was  measured  at  628  nm  and  was 
directly  proportional  to  the  albumin  concentration  os  compared  to  a serum 
albumin  standard. 

Serum  Glutamic  Pyruvic  Transaminase  (SGPT) 

The  activity  of  SGPT  Is  proportional  to  the  rate  of  a secondary  re~ 
action  In  which  NADH  Is  oxidized  to  NAD.  The  concentration  of  SGPT  was 
determined  by  measuring  this  rate  spectrophotometrlcal ly  at  3^0  nm. 

Serum  Glutamic  Oxaloacetic  Transamlnaso  (SGPT) 

The  activity  of  SG0T  was  determined  by  coupling  the  reaction  It  cata- 
lyzes to  a secondary  reaction.  In  thli  secondary  reaction  NADH  was  oxidized 
to  NAD,  permitting  the  transaminase  activity  to  be  determined  by  the  rate  of 
decrease  In  absorbance  at  3^0  nm. 
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Lactate  Dehydrogenase  (LDH) 

Lactate  dehydrogenase  catalyzed  the  conversion  of  lactate  to  pyruvate 
and  NAD  to  NADH.  LDH  activity  was  determined  by  measuring  the  Increase  In 
absorbance  of  NADH  measured  at  3^0  nm. 

Creatine  Phosphoklnase  (CPK) 

CPK  catalyzed  the  conversion  of  creatine  phosphate  and  ADP  to  creatine 
and  ATP.  The  ATP  thus  produced  and  glucose  were  converted  to  ADP  and 
gl ucose-6-phosphate  by  hexoklnase  In  a secondary  reaction.  In  a tertiary 
reaction  catalyzed  by  gl ucose-6-phosphate  dehydrogenase,  NAD  was  reduced  to 
NADH.  The  rate  of  NADH  production  measured  at  3^0  nm  was  proportional  to 
the  CPK  actl vl ty. 

Gamma-Glutamyl  Transpeptidase  (y-GTP) 

Y-GTP  transferred  the  gamma-glutamyl  group  from  the  substrate  gamma- 
glutamyl-p-nl troanl 1 Ide  to  glycylglyclne  producing  free  p-nl troant 1 Ine  which 
absorbed  at  A05  nm.  Enzymatic  activity  was  proportional  to  the  Increase  In 
absorbance  at  this  wavelength. 

Phosphohexose  Isomerase  (PHI) 

PHI  (glucose  phosphate  isomerase)  catalyzed  the  Isomerization  of 
fructose-6-phosphate  to  gl ucose-6-phosphate.  The  activity  of  serum  PHI 
was  proportional  to  the  rate  of  a secondary  reaction  In  which  glucose-6- 
phcsphate  dehydrogenase  oxidized  the  gl ucose-6-phosphate  produced  in  the 
first  reaction  and  reduced  NAD.  The  rate  of  Increase  In  NADH  in  the 
second  reaction  was  a measure  of  the  serum  PHI  activity. 

Blood  Urea  Nitrogen  (BUN) 

Urease  converted  urea  Into  ammonia  and  carbon  dioxide.  Glutamic 
dehydrogenase  catalyzed  the  combination  of  the  ammonia  with  alpha-keto- 
glutarate  along  with  the  oxidation  of  NADH  to  NAD.  The  resultant  decrease 
In  absorbance  at  3^0  nm  was  directly  proportional  to  the  concentration  of 
ammonia  which,  in  turn,  was  quantitatively  related  to  the  concentration  of 
urea  initially  present.  This  procedure  was  based  on  the  comparison  of 
the  unknown  samples  to  BUN  standards. 

Serum  Glucose 


In  the  primary  reaction  hexoklnase  catalyzed  the  phosphorylation  of 
glucose  to  glucose-6-phosphate.  Glucose-6-phosphate  was  oxidized  and  NAD 
reduced  In  the  secondary  reaction  by  gl ucose-6-phosphate  dehydrogenase. 
Since  both  reactions  were  essentially  Irreversible,  the  concentration  of 
NADH  produced  In  the  secondary  reaction,  measured  at  3^0  nm,  was  a direct 
measurement  of  the  total  glucose  present  In  the  serum  sample  when  compared 
to  a glucose  standard. 
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Cholesterol 


Cholesterol  esters  in  serum  were  hydrolyzed  to  free  cholesterol  by 
cholesterol  ester  hydrolase.  The  free  cholesterol  produced  was  oxidized  by 
cholesterol  oxidase  to  cholest-A-en-3’one  and  hydrogen  peroxide.  The 
hydrogen  peroxide  was  coupled  with  4-aminoantlpyrine  and  phenol  In  the 
presence  of  peroxidase  to  yield  a quinoneimtne  dye  with  an  absorption 
maximum  at  500  nm.  The  amount  of  color  produced  was  directly  proportional 
to  the  total  cholesterol  concentration  of  the  sample  as  compared  to  choles- 
terol standards. 

Triglycerides 

Serum  triglycerides  were  first  saponified  with  ethanol Ic  potassium 
hydroxide  to  produce  glycerol  and  free  fatty  acids.  The  free  fatty  acids 
were  precipitated  with  magnesium  sulfate.  The  glycerol  was  then  measured 
by  three  coupled  enzymatic  reactions  catalyzed  by  glycerol  kinase,  phospho- 
klnase,  and  lactate  dehydrogenase.  In  the  third  reaction  NADH  was  oxidized 
tc  NAD,  The  total  NADH  decrease,  measured  at  3^*0  nm,  was  directly  propor- 
tional to  the  concentration  of  glycerol  present  after  the  saponification 
process  and,  therefore,  to  the  concentration  of  triglycerides  present 
In  the  sample. 

Calcium 


A Corning  Calcium  Analyzer  Model  9A0  (Scientific  Instruments,  Corning 
Glass  Wor!,s,  Medfield,  Massachusetts)  was  used  to  measure  serum  calcium 
concentration.  The  dye  calcein  fluoresced  in  the  presence  of  calcium  in 
an  added  serum  sample.  The  analyzer  automatically  titrated  this  fluorescent 
complex  with  EGTA  (ethylene  glycol  bis  (B-aml noethylether)  N,  N'-tetra- 
acet I c acid) . 

Chloride 


A Corning  Chloride  Meter  Model  920M  (Scientific  Instruments,  Corning 
Glass  Works,  Medfield,  Massachusetts)  was  used  to  measure  serum  chloride 
concentration.  The  operation  was  based  on  the  titration  of  chloride  with 
silver  ions  generated  by  electrolysis. 

Sodium  and  Potassium 


Sodium  and  potassium  were  measured  by  the  G.K.  Turner  Model  510  flame 
photometer  (G.K.  Turner  Associates,  Palo  Alto,  California). 

Proteins 


Serum  proteins  were  measured  by  electrophoresis  using  Gelman  Sephaphore 
III  cellulose  acetate  membranes  (Gelman  Instrument  Co.,  Ann  Arbor,  Michigan) 
and  a Beckman  Microzone  Cell  (Beckman  Instruments,  Inc.,  Atlanta,  Georgia) 
at  250  volts  for  20  minutes.  The  membranes  were  stained  with  Ponceau  S 
stain  and  measured  with  a Beckman  Model  CDS-100  computing  densitometer. 


18 


Lipoproteins 


Serum  lipoproteins  were  determined  by  electrophoresis  using  the  Corning- 
ACI  Agarose  Film/Cassette  System  (Scientific  Instruments,  Corning  Glass 
Works,  Medfield,  Massachusetts)  for  35  minutes  at  a non-adjustable  voltage. 

The  agarose  gel  films  were  stained  with  Fat  Red  7B  and  measured  with  the 
densitometer  mentioned  above. 

Hematology 

Total  erythrocyte  count,  total  white  blood  cell  count,  and  hematocrit 
were  determined  by  using  the  Mode!  ZB  I Coulter  counter.  The  counter  was 
equipped  with  a channelyzer  which  displayed  the  cell-size  distributions  for 
accurate  setting  of  the  upper  and  lower  window  of  the  counter.  Hemoglobin 
concentration  was  determined  using  a Coulter  Electronics,  Inc.  (Hialeah, 
Florida)  hemogi obi  nometer.  The  procedure  involved  was  the  cyanomethemog lob  in- 
colorimetric  method.  Mean  corpuscular  volume  (MCV) , mean  corpuscular  hemo- 
globin (MCH),  and  mean  corpuscular  hemoglobin  concentration  (MCHC)  were 
calculated  from  data  obtained  from  the  Coulter  counter  and  Coulter  liemo- 
globlnometer.  Differential  white  blood  cell  counts  were  performed  by  counting 
100  white  blood  cells. 

STATISTICAL  ANALYSIS  METHODS 


Analysis  of  Variance 

The  statistical  analysis  of  the  data  was  accomplished  with  a two-factor 
analysis  of  variance  (ANOVA)  using  repeated  measurements  on  one  of  tne 
factors  (12).  An  unweighted  means  analysis  was  employed  to  compensate  for 
unequal  cell  frequencies  encountered  because  of  missing  data.  Table  II 
shows  the  factor  scheme  and  notation. 


The  exposure  level  factor  contains  two  levels,  an  exposure  level  and  a 
control  (no  exposure).  Within  each  exposure  level,  there  are  repeated 
measurements  on  30  animals.  Note  that  each  group  has  30  animals  for  a total 
cf  60.  The  exposure  duration  factor  consists  of  6 levels  for  the  first  week 
analysis  and  53  levels  for  the  year  analysis  Each  animal  was  sampled  once 
within  an  exposure  duration  level. 


In  an  unweighted  means  analysis,  unequal  cell  frequencies  can  be  used. 
The  computations  Involve  the  means  of  cells  and  the  time-series  means  of  the 
repeated  measurements.  The  effective  number  of  samples,  IT,  is  computed  as 
the  harmonic  mean  of  the  number  of  samples  found  within  each  cell.  In  a 
similar  manner,  the  effective  number  of  weeks,  (£v  within  the  time-series 
means  (required  In  the  effects  between  subjects)  is  the  harmonic  mean  of  the 
number  of  samples  found  within  each  time-series  record.  The  computational 
formulas  used  are: 
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EXPOSURE  LEVEL 


TABLE  I I 

ANOVA  FACTOR  SCHEME  AND  NOTATION 
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The  computation  of  the  variation,  or  sum  of  squares,  Is  designated  by 
the  symbol  SS.  In  general,  the  variation  of  a data  set  is  the  sum  of  the 
variations  of  the  measurement  points  In  that  set  from  the  mean  of  that  data 
set. 

SS  = l (Y-Y) 

However,  for  computational  purposes  this  equation  can  result  in  round- 
off errors.  An  equivalent  expression  that  reduces  round-off  error  is: 


The  second  part  of  this  expression  is  called  the  correction  factor. 
The  correction  factor  term  for  the  ANOVA  is: 
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■ The  sum  of  squares  between  subjects  (SSBS)  consists  of  the  variation 
of  the  animal  time-series  means  about  the  grand  time-series  mean  multiplied 
by  the  effective  number  of  weeks. 
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The  sum  of  squares  for  the  exposure  level  (SSL)  is  the  variation  of 
the  sum  of  cells  means  within  each  exposure  level  about  the  grand  mean 
multiplied  by  the  harmonic  means. 
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The  error  between  subjects  is  the  variation  of  subjects  within  groups 
(ERRB)  and  is  the  difference  between  the  variation  between  subjects  and  the 
variation  of  the  exposure  level. 

ERRB  = SSBS -SSL 

The  sum  of  squares  of  the  exposure  duration  factor  (SSD)  consists  of 
the  variation  of  the, exposure  duration  means  about  the  grand  mean. 
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The  sum  of  squares  of  the  exposure  level  X exposure  duration  inter- 
action (SSDXL)  is  the  variation  of  the  cell  means  about  the  grand  mean, 
less  the  variation  already  accounted  for  by  the  field  level  factor  and  the 
exposure  duration  factor. 
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The  total  error  variation  Is  computed  as  the  summation  of  the  variation 
within  each  cell  about  the  cell  mean. 
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The  error  within  subjects  Is  then  the  total  error  less  the  error 
accounted  for  by  the  effocts  between  subjects. 

tiRRW  SSE  - SSBS 

The  ANOVA  Summary  table,  Table  III,  Is  partitioned  Into  two  parts,  the 
effects  between  subjects  and  the  effects  within  subjects.  The  F-ratlo 
obtained  by  comparing  the  mean  square  of  the  exposure  level  with  the  mean 
square  of  the  subjects  within  groups  Is  a tost  for  a significant  difference 
In  the  means  of  the  two  oxposure  levels. 

The  F-ratlo  obtained  by  dividing  the  mean  square  of  the  oxposure  dura- 
tion by  the  mean  square  of  the  exposure  duration  X subjects  within  groups 
Is  used  to  tost  for  significant  dlf  *ences  between  the  moans  of  tho  weekly 
samples.  The  Interaction  between  the  exposure  lovol  factor  and  tho  oxposure 
duration  factor  Is  obtained  by  dividing  the  mean  square  of  tho  Interaction 
1 the  mean  square  of  the  exposure  duration  X subjects  within  groups. 

For  those  cases  where  the  parameters  wore  not  normally  distributed,  a 
transformation  of  the  data  was  made  prior  to  tho  ANOVA  analysis.  Table 
VIII  In  the  Results  section  Identifies  tho  applicable  parameters  and  the 
transformation  used. 

• 

In  the  statistical  analysis  of  the  data,  two  sources  of  variation  are 
of  direct  Interest  In  making  decisions  about  the  effect  of  tho  exposure 
level  upon  the  animal  groups.  Theso  are  the  exposure  lovol  and  the  Inter- 
action between  exposure  level  and  exposure  duration.  The  F-ratlo  obtained 
from  the  exposure  level  factor  can  be  used  to  mako  decisions  about  the  moan 
dlfferencos  between  the  two  groups  of  animals.  Tho  Interaction  can  bo  used 
to  determine  whether  the  two  groups  responded  differently  to  tho  exposuro 
duration  factor. 

The  exposure  duration  factor,  however,  does  not  have  a direct  bearing 
upon  the  question  of  differences  In  the  two  groups  caused  by  tho  field 
treatment.  ‘ The  time-series  records  of  animals  are  subject  to  a number  of 
factors  other  than  tho  exposure  level  factor.  For  example,  seasonal  varia- 
tions of  blood  parameters  constitute  an  additional  factor  common  to  both 
groups  but  not  related  to  the  field  exposure. 

The  exposure  level  factor  assumes  that  there  were  no  Initial  differ- 
ences between  the  two  groups  of  animals.  If  the  assumption  Is  false,  the 
main  effects  of  the  field  level  are  said  to  be  completely  confounded  with 
d I f fererences  between  groups. 
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A significant  F-ratlo  for  the  Interaction  would  Indicate  a difference 
In  the  simple  effects  of  the  two  exposure  level  factors.  That  Is,  the 
trends  of  the  two  groups  would  be  different  from  each  other.  When  a 
significant  Interaction  was  found,  a regression  analysis  (10)  was  performed 
on  the  paired  animal  differences  to  determine  whether  the  relationship 
was  linear  or  nonlinear. 

Nonparametr Ic  Test 


The  Mann-Whl tney  U-Test  (2)  was  applied  to  all  of  the  parameters. 

For  thoso  parameters  which  wore  not  normally  distributed  and  could  not  be 
readily  transformed  to  normal  distributions,  this  was  the  only  statistical 
tost  applied  to  the  data. 

The  Mann-Whltney  U-Tost  is  a rank  test  that  produces  a Z statistic 
which  can  be  related  to  the  standardized  normal  distribution  to  determine 
tho  level  of  significance. 

In  this  experiment,  wookly  samples  constitute  repeated  measures  and 
aro  not  Independent.  For  this  •'oason  a rank  tally  scheme  as  shown  In 
Table  IV  was  used  to  obtain  Independent  measures  to  which  the  Mann-Whl tney 
U-Tost  could  bo  applied.  Each  wookly  record  of  the  two  groups  was  combined 
and  the  combined  group  ranked.  Tho  ranks  of  each  animal  for  each  week 
wore  then  summed  to  obtain  a rank  total  for  oach  animal.  The  resulting 
rank  total  for  each  animal  was  then  ranked  and  tho  Mann-Whl tney  U-Tost 
applied  to  the  final  ranking. 

For  missing  values,  an  average  of  the  lart  and  next  available  data 
point  In  an  animal's  weekly  samples  was  used  as  tho  missing  point.  If  the 
missing  point  was  tho  last  value,  tho  lost  available  data  point  was  used. 
Likewise,  If  a point  was  missing  at  the  beginning  of  an  animal's  record, 
tho  next  available  data  point  was  used. 

In  the  case  of  ties  In  ranking  procedure,  oil  tied  ranks  were  replaced 
with  an  average  of  the  tied  ranks.  This  assures  that  the  ranking  of  other 
animals  Is  undisturbed. 

START-UP  PROCEDURE  AND  SCHEDULE 

To  assemble  a staff  sufficient  to  give  sixty  pnysleals,  draw  sixty 
blood  samples,  and  In  general,  collect  the  same  data  on  all  animals  on  the 
same  day  would  have  Increased  the  cost:  of  the  project  approximately  five- 
fold. Tho  following  schedule  was  therefore  prepared  to  minimize  cost  by 
distributing  the  workload  over  a six-week  period  without  losing  scientific 
rigor  or  compromising  the  statistical  validity  of  the  data.  This  schedule 
was  designed  to  allow  data  on  each  animal  to  be  taken  at:  the  same  Intervals 
of  exposure.  For  example,  the  total  exposure  time  for  any  animal  at  his 
third  physical  examination  was  Identical  to  the  exposure  time  for  all 
other  animals  at  their  third  physical  examination.  The  same  was  true  for 
all  data;  for  example,  the  33rd  blood  sample  for  all  animals  was  drawn 
after  tho  same  number  of  days  of  exposure. 
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RAXK  TALLY  SCHEME  FOR  HAMt-WHt 


On  Monday,  27  October  1975,  pair  number  one  was  brought  from  the 
vivarium  to  the  ELF  Building.  One  animal  was  then  placed  at  position  one 
over  the  north  simulator  and  the  other  animal  placed  in  the  corresponding 
position  over  the  south  simulator.  The  staff  members  placing  these  animals 
had  no 'knowledge  of  which  simulator  would  be  energized.  The  decision  to 
energize,  a specific  simulator  was  then  made  by  the  principal  investigator 
who  at  that  point  had  no  knowledge  of  which  animal  had  gone  to  the  north  o> 
the  south  side. 

Pair  one  was  henceforth  designated  a Monday  pair,  which  means  that 
every  Monday  morning  blood  samples  were  drawn,  cages  were  changed,  and  the 
system  was  configured  to  monitor  oxygen  consumption  rate.  On  Tuesday,  28 
October,  pair  number  two  was  introduced  Into  the  experiment  and  was  desig- 
nated as  a Tuesday  pair.  The  procedure  continued  with  one  additional  pair 
of  animals  entering  the  experiment  each  weekday  for  six  weeks.  During  the 
first  seven  days,  each  pair  was  confined  to  a restraint  chair  and  blood 
samples  were  tak ’n  daily  to  record  possible  transient  effects. 

The  clinical  state  of  each  animal  was  established  prior  to  entering  the 
experiment.  Tho  first  clinical  observation  after  beginning  the  experiment 
occurred  on  day  seven  at  the  end  of  the  Initial  restraint  period.  This  early 
physical  after  only  seven  days  of  exposure  was  Intended  to  provide  clinical 
documentation  of  transient  effects.  The  remaining  physicals  were  at  six- 
week  Intervals. 

On  Monday,  1 November  1976,  pair  number  one  had  completed  53  weeks  in 
the  experiment,  and  on  10  December  pair  number  30  had  completed  53  weeks. 
With  slight  mod  1 f I cat  I on s In  the  protocol,  exposure  has  continued;  however, 
no  data  taken  beyond  53  weeks  are  included  in  this  report. 
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RESULTS 


VETERINARY  CLINICAL  EVALUATIONS 

Clinical  evaluations  were  performed  on  one  monkey  from  each  group  every 
weekday  as  outlined  In  the  protocol.  Every  animal  has  now  been  examined 
nine  times  at  six-week  Intervals.  Intradermal  ,sk!n  tests  for  tuberculosis 
have  been  accomplished  every  six  months;  all  results  were  negative.  Each 
animal  also  received  a dental  prophylaxis  Including  ultrasonic  calculus 
removal.  A variety  of  minor  conditions  have  been  noted  In  both  groups  such 
as  abrasions,  regional  alopecia,  gingivitis,  otitis  externa,  rhinitis,  and 
hematomata.  These  conditions  are  frequently  encountered  In  most  rhesus 
monkey  colonies. 

Bacterial  enteritis  Is  a common  disease  In  rhesus  monkeys.  As  a part 
of  the  selection  process  all  animals  were  screened  and  found  negative  for 
enteric  pathogens  by  rectal  swab  and  culture.  Despite  this  precaution, 
pathogenic  bacteria  have  subsequently  been  Isolated  from  four  animals.  One 
monkey  became  clinically  III  with  blood-tinged  diarrhea.  Sal  monel  la 
enterltldls  was  Isolated  by  rectal  swab.  Antibiotic  therapy  was  effective 
In  alleviating  symptoms,  but  the  animal  has  remained  a subcllnlcal  carrier. 
Shlgel la  f lexner  was  Isolated  from  a routine  fecal  culture  of  another 
monkey.  This  animal  was  symptomless.  Antibiotics  were  administered  In  an 
unsuccessful  attempt  to  eliminate  the  carrier  state.  Two  other  animals  were 
also  found  to  have  positive  cultures  for  Salmonella  enterltldls  but  were 
asymptomatic,  .he  three  Salmonella  enterltldls  carriers  were  In  the  control 
group  and  the  Shlgeila  f lexner  carrier  was  In  the  experimental  group. 
Identification  of  these  culture?  was  confirmed  by  the  Center  for  Disease 
Control  In  Atlanta,  Georgia.  Special  feeding,  watering,  and  handling  tech- 
niques were  Initiated  for  these  animals,  and  the  absence  of  additional  cases 
attests  to  the  effectiveness  of  these  measures. 

For  seven  consecutive  days  during  each  six-week  cycle  for  a total  of 
31  weeks  the  monkeys  remained  in  plexiglass  restraint  chairs.  During  the 
Initial  cycle  approximately  503$  of  the  animals  developed  edema  In  one  or 
both  lower  extremities  whlie  In  the  chairs.  The  animals  had  all  been  con- 
ditioned prior  to  the  experiment  by  dally  chair  sessions  beginning  with  a 
one-hour  period  and  Increasing  the  time  up  to  six  hours.  No  edema  developed 
during  this  conditioning.  A transient  panleucocytosls  usually  accompanied 
the  more  severe  cases  of  edema,  and  often  persisted  several  days  after  the 
animal  was  removed  from  the  chair.  The  edema  usually  disappeared  within 
A8  hours.  It  was  discovered  that  the  plexiglass  seats  were  restricting 
venous  return  from  the  legs,  as  the  animals  were  seated  on  plexiglass 
blocks  with  abrupt  90  edges.  In  addition,  It  became  evident  that  the 
height  of  the  seat  above  the  foot  rest  had  to  be  adjusted  to  Insure  that  the 
rump  was  lower  than  the  knees.  A new  seat  of  contoured,  fiberglass  re- 
inforced plastic  was  designed  and  It  eliminated  the  problem. 
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Two  animals  from  the  control  group  have  died  since  the  experiment 
began.  One  monkey  developed  acute  gastric  dilatation  while  In  a restraint 
chair.  Approximately  1000  ml  of  fluid  and  undigested  food  were  withdrawn 
by  naso-gastric  tube.  Despite  Intensive  resuscl tail ve  efforts  the  animal 
died  several  hours  later.  Necropsy  revealed  a greatly  distended  stomach 
with  hemorrhage  and  necrosis  over  the  entire  greater  curvature  of  the 
gastric  wall.  The  etiology  is  not  certain^  but  gastric  overload  with  food 
and  water  during  periods  of  restraint  Is  suspected.  A second  monkey  was 
found  comatose  after  24  hours  In  a closed-system  chamber.  Treatment  for 
shock  was  begun  Immediately,  but  the  animal  died  two  hours  later  with 
clinical  evidence  of  pulmonary  edema.  Post-mortem  findings  Included  pulmo- 
nary edema  and  hepatic  central  lobular  necrosis.  The  chamber  atmosphere 
contained  a contaminant  gas  which  has  been  determined  to  be  methyl  metha- 
crylate monomer.  This  chemical  was  used  to  seal  cracks  in  the  plexiglass. 
The  monomer  Is  normally  oxidized  to  an  inert  polymer.  In  thls'case  the 
oxidizing  compound  did  not  fully  polymerize  the  methyl  methacrylate, 
resulting  in  an  accumulation  of  the  volatile  monomer  In  the  closed  system. 
Personal  communication  with  environmental  health  officials  confirm  that  the 
compound  Is  considered  highly  toxic  and  produces  pathologic  changes  as 
found  In  this  case.  The  National  Animal  Disease  Laboratory  attempted 
unsuccessfully  using  gas  chromatography  to  recover  the  compound  from  a 
I Ivor  tissue  sample. 

Systolic  blood  pressures  were  determined  during  each  physical  evalua- 
tion cycle.  Pressures  were  measured  Indirectly  from  the  ulnar  artery  using 
a pediatric  sphygmomanometer  cuff  and  a Doppler  ultrasonic  flowmeter.  Mea- 
surements were  taken  with  the  monkey  seated  In  the  plexiglass  restraint 
chair  as  shown  In  Figure  8.  Means  and  standard  deviations  are  shown  In 
Figure  9.  It  should  be  noted  that  the  mean  values  of  the  two  groups  are 
similar  and  tend  to  decrease  with  time.  The  variation  within  groups  In- 
creases as  reflected  by  higher  values  for  standard  deviation.  A possible 
explanation  may  be  that  some  of  the  animals  became  highly  conditioned  to 
the  chair  and  examination  procedure  and  remained  more  tranquil  during  the 
data  acquisition. 

Ages  as  determined  by  dentition  are  subject  to  a fairly  substantial 
error  due  to  variations  In  tooth  eruption  dates.  For  example,  the  lower 
second  molar  erupts  from  4 3 to  59  months,  and  the  next  tooth  to  erupt  Is 
the  lower  third  molar  at  approximately  80  months.  The  third  upper  molars 
erupt  at  90  months.  Therefore,  there  can  be  a flap  In  aging  data  from  59  to 
80  months  and  from  80  to  90  months  of  age.  After  90  months  of  ago,  denti- 
tion Is  a less  valuable  criterion  for  aging  monkeys.  The  average  age  at 
selection  was  48.3  months  for  the  experimental  group  and  47.1  for  the 
control  group.  The  average  age  of  the  females  at  selection  was  51.5 
months  for  the  experimental  and  50.9  for  the  controls.  The  average  age  of 
the  males  at  selection  was  44.6  for  the  experimental  and  42.8  for  the 
controls.  At  six  month  Intervals  during  the  project  the  age  was  estimated 
again  without  being  biased  by  knowledge  of  the  previous  estimate.  At  the 
end  of  the  first  year,  the  average  age  of  the  total  experimental  group  was 
69.2  months  and  for  the  control  69.8  months.  The  average  age  for  the 
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females  was  68.2  for  the  experimental  and  69. 1 for  the^controls.  The 
average  age  for  males  was  70,2  for  the  expert manta  Is  and  70.6  for  the 
controls.  These  data  demonstrate  the  age  estimation  errors,  tn  that 
over  a 17  month  period  the  males  appear  to  have  aged  26.7  months,  while 
the  females  aged  17*5  months;  however,  age  estimation  for  the  experi- 
mental group  compares  well  with  the  corresponding  estimation  for  the 
controls  at  both  the  time  of  selection  and  at  the  end  of  the  first  year. 


A set  of  standard  body  measurements  were  taken  at  the  time  of 
selection  (June  and  July  1975)  and  at  six  month  Intervals  during  the 
exposure  period.  These  data  are  summarized  In  Tables  V and  VI  and  show 
that  at  the  end  of  one  year  the  exposed  males  were  larger  than  the 
control  males  In  body  weight  (P-0.07),  chest  circumference  (P-0.08),  and 
body  surface  area  (P-0.10).  The  same  standard  measu remen ts  were  used  to 
compute  the  gain  In  body  measurements  as  shown  In  Table  VI 1.  These 
calculations  confirm  that  the  exposed  males  grew  more  than  the  control 
males.  The  significance  level  for  chest  circumference  decreased  (P-0.19) 
because  this  measurement  for  the  exposed  males  was  slightly  larger 
Initially.  The  significance  level  for  body  weight  gain  Increased  (P-0. 001) 
because  the  weight  gain  analysis  Is  less  sensitive  to  the  Initial  and 
final  distributions  of  body  weights.  The  significance  level  of  the  body 
surface  area  Increased  because  this  measurement  Is  calculated  from  the 
following  equation  (9)  In  which  body  weight  predominates: 

BSA  (square  cm)  - Weight  (kg)°‘GOl4G  X Crown  Rump  (cm)°'l0G2  X 51k 

This  difference  In  growth  rate  for  the  males  was  also  confirmed  by  the 
analysis  of  variance  computation  on  the  weekly  measurements  of  body 
weight  that  are  plotted  In  section  MIC. 

BLOOD  CHEMISTRY  PLOTS 


Blood  chemistry  data  are  plotted  as  means  and  standard  deviations 
for  those  parameters  that  were  normally  distributed.  Other  parameters 
are  plotted  as  medians  with  Interquartl les. 


The  exposed  group  Is  designated  as  "File  1-30"  and  the  control 
group  designated  as  "File  31-60".  Files  1-30  are  for  the  R group  and 
files  31-80  are  for  the  B group.  Corresponding  data  points  for  these 
two  groups  were  slightly  separated  on  the  time  axis  to  allow  standard 
deviation  and  quartile  lines  to  be  readily  distinguishable. 


Blood  chemistry  data  for  the  first  six  days  of  the  experiment  In 
which  blood  samples  were  drawn  every  day  are  plotted  separately  and  the 
units  on  the  axis  are  In  days.  The  data  point  for  day  six  Is  the  same 
as  the  data  point  for  week  one  In  the  weekly  plots.  In  the  weekly  plots 
there  Is  a designation  Indicating  that  files  6,  36,  20,  and  50  were 
excluded.  This  means  that  the  data  for  animals  R6,  B6,  R20,  and  B20 
were  not  Included  In  the  calculations  for  those  plots.  They  were  exclud 
because  animals  B6  (female)  and  B20  (male)  died  (B6  on  22  Dec  75  and  B20 
on  21  Feb  76)  for  reasons  that  are  discussed  In  the  clinical  section. 

To  maintain  a matched  group  It  was  necessary  to  exclude  data  from  the 
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corresponding  animals  in  the  R group,  R6  and  R20.  The  cages  occupied  by  B6 
and  B20  were  filled  within  24  hours  after  these  deaths  by  replacement  ani- 
mals that  were  closely  matched  to  R6  and  R20.  These  replacement  animals 
were  not  intended  to  provide  valid  data,  but  rather  to  keep  the  other  B 
group  animals  from  having  empty  cages  in  their  row  and  also  to  maintain  the 
work  routine  of  the  staff.  These  replacements  may  ultimately  provide 
useful  data  but  such  data  must  be  treated  carefully  to  maintain  statistical 
val idi ty . 

In  general,  the  plotted  data  are  self-explanatory.  In  some  cases  it  Is 
necessary  to  recall  specific  details  of  the  protocol.  For  example,  the 
animals  were  restrained  for  the  first  days  of  the  experiment  and  blood  was 
drawn  daily;  some  parameters,  especially  hematocrit  and  hemoglobin,  were 
affected  by  this  frequent  blood  drawing.  The  animals  were  restrained  again 
at  six-week  intervals;  data  points  corresponding  to  the  first,  seventh, 
thirteenth,  nineteenth,  twenty-fifth,  and  thirty-first  weeks  were  analyzed 
from  blood  samples  drawn  after  the  animal  had  been  restrained  for  six  days. 
Some  parameters,  especially  triglycerides,  show  cyclic  variations  that 
correlate  with  this  restraint  period  and  can  be  clearly  seen  on  the  plots. 

These  cyclic  variations  associated  with  the  restraint  period  were 
unexpected.  The  investigators  were  not  aware  of  this  effect  until  the  data 
had  been  plotted  for  24  weeks  of  exposure.  It  was  decided  that  these  arti- 
ficially imposed  effects  might  possibly  mask  a field  effect  and  that  the 
benefits  derived  from  the  chair  protocol  were  not  sufficient  to  justify  this 
risk;  therefore,  the  chair  protocol  was  discontinued.  The  last  blood  sample 
drawn  under  ‘restrained  conditions  was  for  week  31  • 

It  is  also  helpful  to  remember  that  a given  data  point  on  the  time  line 
does  not  mean  that  all  raw  data  contributing  to  that  data  point  were  taken 
on  the  same  calendar  day;  however,  they  were  taken  after  the  same  number  of 
days  of  exposure.  For  example,  the  contribution  of  animal  BI  to  a given 
data  point  occurred  six  weeks  before  the  contribution  of  B30.  This  means 
that  an  unusual  event  that  might  cause  an  artifact,  such  as  equipment 
failure  on  a given  day,  would  affect  only  one  pair  of  animals  contributing 
to  a specific  data  point.  This  same  argument  applies  to  the  analytical 
laboratory;  the  total  samples  contributing  tc  a specific  data  point  were 
analyzed  over  a six-we.'.k  period.  In  summary,  a significant  change  in  the 
data  represents  an  Influence  that  must  have  been  consistently  applied  for  a 
long  period. 
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Thyroid  Parameters 


The  plots  for  these  data  begin  at  week  1**.  They  were  not  analyzed  at 
the  beginning  because  of  delays  in  arrival  of  necessary  apparatus  and  re- 
agents. Serum  has  been  preserved,  and  these  data  can  be  retrieved. 
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BODY  WEIGHT 


Body  weight  measurements  did  not  have  a normal  distribution  and  could 
not  be  adequately  transformed.  The  distributions  containing  both  female 
and  male  data  were  bimodal  because  the  males  were  much  heavier  than  the 
females.  The  following  data  Includes  plots  of  means  with  standard  de- 
viations and  of  medians  with  quart! les.  Plots  are  also  shown  for  the  mean 
and  standard  deviation  of  body  weight  ratios  in  which  the  first  weight  of 
each  animal  was  taken  as  the  standard,  and  all  raw  data  for  each  animal 
were  recomputed  as  a ratio  to  initial  weight.  These  derived  data  were  then 
used  to  calculate  mean  ratios  for  each  data  point.  For  these  ratio  plots, 
the  first  data  point  is,  by  definition,  unity  with  zero  dispersion.'  Growth 
rates  and  variation  in  growth  rates  are  readily  apparent  on  these  plots. 
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RESPIRATORY  GAS  ANALYSIS 


Oxygen  consumption  rate  and  carbon  dioxide  production  rate  were  mea- 
sured at  room  temperature,  humidity,  and  pressure  and  then  averaged  over 
the  measurement  period  (approximately  22  hours)  to  provide  a plot  of  rate 
in  ml/minute.  The  same  raw  data  were  then  corrected  to  standard  gas  con- 
ditions. (This  correction  is  based  on  average  temperature,  humidity,  and 
pressure  in  the  laboratory  and  is  not  as  accurate  as  can  be  achieved  using 
precision  techniques  on  a single  animal.)  The  corrected  data  is  then  aver 
aged  over  the  measurement  period  and  divided  by  body  weight  to  produce  a 
plot  in  ml/minute/kg  at  standard  gas  conditions.  The  average  oxygen  con- 
sumption and  carbon  dioxide  production  rates  are  used  to  compute  the  res- 
piratory quotient  for  each  animal  from  which  the  group  means  are  computed 
and  plotted. 
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STATIST! CAL  SUMMARY 


The  statistical  results  are  summarized  in  Table  VI! I.  Parameters  are 
arranged  In  the  same  order  as  the  plots.  The  first  three  rows  for  a given 
parameter  are  for  the  data  taken  during  the  first  six  days  of  the  experi- 
ment. The  first  row,  labeled  M&F,  Is  for  all  animals  In  the  group;  the 
second  row,  labeled  F,  is  for  females  only;  and  the  third  row,  labeled  M, 

Is  for  males  only.  The  last  three  rows  for  a given  parameter  are  for  data 
taken  at  weekly  Intervale.  The  row  sequence  is  again  male  and  female,  fe- 
male only,  and  male  only.  Transformation  codes  are  shown  where  applicable. 
The  degrees  of  freedom  are  In  the  column  labeled  dF  and  the  F ratio  Is  In 
the  column  labeled  F.  The  numbers  in  the  alpha  columns  are  the  probability 
that  the  observed  difference  could  be  due  to  chance  alone.  A positive  sign 
In  the  Z column  means  that  the  controls  tend  to  be  higher  than  the  experl- 
mentals  and  a negative  sign  means  the  experimental  tend  to  be  higher 
than  the  controls. 
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TRANSFORMATION  DIFFERENCE  BETWEEN  GROUP  VS  TIME 

SEX  COOE*  MEANS  (ANOVA)  INTERACTION  (ANOVA) 


TRANSFORMATION  DIFFERENCE  BETWEEN  GROUP  VS  TIME  RANK 
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. DISCUSSION 


The  most  significant  finding  was  the  difference  In  rate  of  weight  gain 
between  exposed  and  control  males.  The  exposed  males  gained  weight  at  a 
faster  rate  than  did  the  control  mples.  This  difference  In  weight  was  not 
accompanied  by  a difference  In  bone  length  measurements.  The  linear  body 
measurement  showing  the  most  agreement  with  growth  rate  was  chest  circum- 
ference, which  may  Indicate  an  Increase  In  mass  of  the  pectoral  and  upper 
back  muscles.  Subjective  evaluations  did  net  indicate  a difference  In 
subcutaneous  fat.  The  tentative  assumption  Is  that  the  Increased  weight 
was  primarily  muscle  mass. 

Blood  urea  nitrogen  (BUN)  was  lower  (P“0.05)  in  the  exposed  males; 
this  is  consistent  with  the  growth  rate  finding  In  that  the  higher  anabolic 
rate  should  result  in  less  nitre*''  'js  catabolites.  Serum  gl ucose  was  al so 
lower  (P«0.0I)  In  the  exposed  m , however,  values  for  both  experimental 
and  control  groups  were  well  within  the  normal  range. 

Gamma-gl utamy I transpeptidase  (GGTP)  was  lower  in  the  exposed  males 
(P“0.06),  and  although  consistently  lower  In  exposed  females,  the  differ- 
ence was  not  significant  (P-0.37).  In  the  males  the  difference  tended  to 
Increase  slightly  with  time  while  In  the  females  the  difference  tended  to 
decrease  with  time.  Although  the  biochemistry  of  this  enzyme  has  been 
only  partially  elucidated,  the  empirical  data  cited  by  Rosalkl  In  a 1975 
review  (11)  provides  evidence  that  the  GGTP  and  growth  rates  observed 
In  the  present  study  are  consistent. 

Three  serum  enzymes  (glutamic  oxaloacetic  transaminase,  glutamic 
pyruvic  transaminase,  and  creatine  phosphokl nase)  were  significantly  dif- 
ferent (P-0.05)  In  the  males  for  the  day  plots  In  the  first  week.  In  all 
three  cases  values  for  the  exposed  males  were  lowar  than  the  controls. 

The  significant  differences  did  not  show  up  In  the  weekly  plots  although 
glutamic  pyruvic  transaminase  continued  to  be  less  In  the  exposed  males 
( P=0 .14).  Since  the  animals  were  restrained  during  the  first  week  the 
hypothesis  for  <a  lynergistlc  effect  between  restraint  and  exposure  was 
tested  by  using  tne  difference  during  the  other  restraint  periods  (weeks 
7,  13,  19,  25,  a, id  31)  and  comparing  it  with  the  difference  Immediately  be- 
fore the  restraint  periods  (weeks  6,  12,  18,  2^4,  and  30);  a paired  t- 
statistlc  did  not  confirm  the  hypothesis  for  a synergistic  effect.  No  ex- 
planation is  yet  available  for  the  observed  differences  In  these  parameters. 

Oxygen  consumption  was  significantly  different  In  the  Group  vs  Time 
Interaction,  but  It  was  caused  by  an  equipment  and  procedural  artifact. 

Each  of  the  twelve  systems  for  measuring  oxygen  consumption  served  five 
onlmals  durtng  the  week.  On  Saturday  the  animals  were  transposed  but  the 
measuring  equipment  was  not.  This  was  done  Intern ’onal !y  so  that  subtle 
equipment  differences  would  be  averaged  out  and  not  show  an  art! factual 
difference  between  means;  however,  this  method  enhanced  the  sensitivity 
of  the  ANOVA  Interaction  term  to  slight  equipment  differences.  To  counter 
this  artifact,  these  data  were  averaged  over  two  successive  data  points 
which  would  include  both  measuring  systems  used  by  a given  animal.  Under 
these  conditions  the  Interaction  was  not  significant  (P"0.4l). 
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Serum  chloride  in  the  males  showed  a significance  (P*=0.02)  in  the 
interaction  te'*m  of  the  ANOVA.  Regression  analysis  revealed  a higher  order 
interaction.  There  Is  no  apparent  agreement  between  this  and  the  other 
observations,  and  the  higher  order  Interaction  suggests  an  artifact  (as  in 
the  case  of  oxygen  consumption  which  was  also  higher  order),  but  unlike 
cxygen  no  artifact  has  yet  been  found. 

Serum  triglycerides  were  lower  in  the  exposed  females  (P=0.06  ANOVA, 
P=0.05  Rank).  Respiratory  quotient  was  also  lower  in  the  exposed  females 
(P-0.04).  These  differences  are  qualitatively  consistent,  the  lower  respira- 
tory quotient  reflecting  a higher  percentage  of  lipids  oxidized.  The 
explanation  and  meaning  of  these  differences  are  at  present  unknown. 

The  differences  in  weight  are  obviously  real  and  there  is  no  chance  for 
an  artifact  in  the  measurements.  The  protocol  has  been  examined  in  great 
detail  and  not  even  a remotely  possible  reason  has  been  advanced  to  account 
for  the  experimental  males  being  treated  differently.  The  only  reasonable 
explanation,  other  than  a field  effect,  lies  in  the  selection  process.  The 
animals  were  matched  by  weight,  which  is  not  necessarily  the  same  as  matching 
by  growth  rate.  It  is  obviously  possible  that  two  animals  could  have  Identi- 
cal weights  at  a given  time  but  oe  growing  at  a different  rate.  The 
probability  of  this  kind  of  mismatch  was  reduced  by  matching  also  for  age, 
arid,  as  indicated  in  the  Results  section,  the  criteria  for  age  estimates  were 
consistently  applied  even  though  the  absolute  values  have  recognized 
inaccuracies.  The  question  hinges  on  the  probability  that  in  spite  of  these 
precautions,  the  random  selection  process  produced  highly  mismatched  groups 
of  males  only.  The  authors  are  unable  to  quantify  ■'uch  a probability  but  are 
inclined  to  believe  that  It  !s  small. 

Another  factor  to  be  considered  is  that  growth  rate  occupies  a somewhat 
unique  position  among  the  many  parameters  that  we»*e  measured.  Most  blood 
chemistry  parameters  are  under  homeostatic  control  ar.v.  when  they  deviate 
beyond  certain  limits,  corrective  processes  are  automatically  set  in  motion 
that  tend  to  reduce  the  deviation.  While  it  is  well  known  that  many  factors 
affect  growth  rate,  the  existence  of  feedback  mechanisms  that  would  make  a 
high  cr  low  growth  rate  se 1 f- 1 imi t i ng  Is  not  known.  The  logical  extension 
of  this  argument  is  that  in  response  to  environmental  conditions,  the  growth 
rate  may  be  a much  more  1 ab i } parameter  than  those  parameters  under  rigid 
homeostatic  control, 

The  degree  to  which  these  homeostatic  mechanisms  are  strained  should 
also  be  considered  in  evaluating  the  overall  physiological  significance. 

For  example,  initial  application  of  a reduced  oxygen  environment  may  be 
considered  hazardous  because  the  homeostatic  reserve  is  diminished  but  after 
a period  of  adaptation  the  oxygen  carrying  capacity  is  Increased,  the 
homeostatic  reserve  is  restored,  3nd  the  hazard  is  reduced.  In  this  experi- 
ment a number  of  parameters  have  been  changed.  In  some  cases  It  is  reasonably 
sure  that  homeostatic  mechanisms  have  not  been  strained,  but  in  other  cases  it 
Is  not  clear.  There  is  no  reason  to  believe  that  reduced  blood  urea  nitrogen 
is  hazardous.  Reduced  serum  glucose  could  be  of  concern  at  low  levels,  but 
the  values  for  exposed  males  were  well  within  normal  range,  and  clinical 
experience  does  not  justify  labeling  this  condition  as  hazardous.  Certain 
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pathological  conditions  have  been  associated  with  Increased  levels  of 
gamma-glutamyl  transpeptidase  but  not  with  reduced  levels.  For  the  exposed 
males,  therefore,  Increased  weight  appears  to  be  the  most  significant  finding. 

Based  on  statistics  alone,  the  case  for  a cause  and  effect  relationship 
between  the  ELF  field  parameters  used  In  this  experiment  and  Increased 
growth  rate  In  the  males  Is  strong.  This  conclusion  can  be  either  tempered 
or  enhanced  by  mechanistic  considerations.  Anatomical  and  endocrine  Involve- 
ment are  logical  suspects  for  a sex  specific  effect.  One  plausible  hypothesis 
Is  that  the  testes  were  in  contact  with  the  cage  bars  generating  the  electric 
field  and  were  thus  directly  stimulated  to  increase  the  secretion  rate  of 
testosterone.  Postural  observations  confirm  that  the  animals  spent  consider- 
able time  sitting  on  the  bars  In  such  a way  that  the  scrotum  was  in  direct 
contact  with  the  bars  as  shown  In  Figure  3.  Under  these  conditions  It  Is 
probable  that  the  current  density  In  the  testes  was  higher  than  It  would  be 
for  a walking  or  standing  posture. 

A second  hypothesis  suggests  a more  generalized  neuroendocrine  effect 
In  which  the  hypothalamic-p! tultary-gonad  axis  Is  stimulated  by  some  mechan- 
ism that  is  not  yet  known.  The  sexual  specificity  could  arise  from  the  more 
potent  effect  of  male  gonadal  hormones  on  growth.  The  sexual  specificity 
could  also  be  the  result  of  difference  In  maturity  relative  to  onset  of 
puberty  at  the  beglnnlhg  of  exposure.  The  weight  of  female  rhesus  at  pu- 
berty is  3-5  to  4 kg.  The  mean  weight  of  the  females  at  the  beginning 
of  exposure  was  4.9  kg.  The  mean  weight  of  male  rhesus  at  puberty  Is  6 to 
8 kg.  The  mean  weight  of  the  males  at  the  beginning  of  exposure  was  6.0  kg. 
The  females  were  therefore  closer  to  their  maximum  somatic  development  at 
the  beginning  of  exposure  than  were  the  males  and  mr''  have  been  less  sus- 
ceptible to  a stimulus  that  affects  growth  rate. 

At  the  time  of  this  report,  the  protocol  is  being  developed  to  test  the 
first  two  hypotheses  experimentally,  in  general,  eight  distribution  will 
be  studied  In  terms  of  muscle  mass,  fat,  and  body  water.  The  ratio  of 
testosterone  to  gonadotropin  will  also  be  determined.  For  the  hypothesis  of 
direct  stimulation  to  the  testes,  the  level  of  serum  testosterone  and  the 
ratio  of  testosterone  to  gonadotropin  should  be  higher  In  the  exposed  males 
than  In  the  controls.  In  the  case  of  a generalized  neuroendocrine  effect, 
both  the  gonadotropin  and  testosterone  should  be  higher  In  the  exposed  males. 

The  authors  believe  that  primates  are  the  best  animal  model  for  extrapo- 
lating environmental  effects  to  humans;  however,  It  Is  obvious  that  a study 
oh  growth  and  development  in  the  primate  Is  a difficult  task  In  terms  of 
logistics,  time,  and  expense.  An  ideal  experiment  on  growth  and  development 
would  also  require  matched  pairs,  but  they  should  have  born  In  captivity 

so  that  exact  age  and  genetic  history  are  known  and  can  be  used  for  matching. 

The  authors  are  not  prepared  to  label  the  observed  effects  as  either 
harmful  or  helpful.  To  be  considered  harmful  it  Is  only  necessary  that 
one  or  more  changes  produce  an  undesirable  outcome.  At  present  that  does  not 
appear  to  be  the  case;  both  groups  of  animals  appear  perfectly  healthy  In 
both  the  clinical  and  layman’s  sense  of  the  word.  It  Is  tempting  to  apply 
t'.ie  "bigger  is  better"  logic  and  say  that  the  exposure  was  helpful;  however, 
the  authors  believe  that  such  a conclusion,  while  providing  interesting 
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peculation,  is  based  on  value  judgments  outside  the  realm  of  science  and 

S “ £ * subH'tUte  f°r  5c,e"tlfi=  research  that  proWdes .“eirer 
efinition  of  the  effects  and  a logical  basis  frr  an  overall  evaluation.  ? 
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